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(54) METHOD AND APPARATUS FOR OPTOACOUSTIC ANALYSIS AS WELL AS BLOOD COMPONENT 
MEASURING APPARATUS UTILIZING THEM 

(57)Abstract: 

PURPOSE: To remove the influence of components contained in 
tissues other than blood and to precisely analyze components in the 
blood by a method wherein a signal component which has been 
frequency-shifted from the modulating frequency of a light source 
out of received acoustic signals is detected and a component 
provided with a velocity in a sample is quantified selectively. 
CONSTITUTION: A light source 1 and a wavelength selection device 
2 are combined, light at a frequency absorbed by glucose as an 
object to be measured is obtained, and the light is modulated to 
intermittent light by a light cutoff device 3. The device 3 is 
controlled by an oscillator 4, and pulsed light which is intermittent at 
a definite cycle is generated continuously, a part of the pulsed light 
is guided to an optoacoustic cell 6 by a beam splitter 5. A part of 
light waves is transmitted through a living body 7, it is absorbed by a 
component, to be measured, in blood 9 which flows inside a blood 
vessel 8, and an optoacoustic radiation is induced. Optoacoustic 
waves which have been radiated are converted into an electric 
signal by an acoustic detector 10 inside the cell 6, the electric signal 
is amplified and waveform-shaped 11, the signal is inputted to a 
frequency difference detector 12, and the signal is detected and 
quantified by a frequency analyzer 15 and a central control unit 16. 
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3H**«iWJ-4 C 4CC «fc D»#r*fT 5*»*»«*ffi(c 

*bet s c i €&tt£ -rsmtqi i Eii©#s»#*ra 
m. 

- Hftvfcjsia-c'wxKHU mzzmm y- Ht#* 

£/j£#*3§iKe<>iC5efi-f 5 C i <t "T -2»s«*i® 1 IB 

y- hflt^*«i>'caflwi^*a(fflK:-9- >^tsc t 

*©»£#* *ft^n«£(c$'J£-r 5 C 4 f 5 19 

33i i ett©*«B&ffi#&. 

-nt^iffltj-r/^i/^sio. uneaMry- urate 
» b -est* ten* s t»©«»nniisE**r s mk ©*« 

«nKob»r xvoseimim^ ^ t, fcflra 

sgsg©* y^ > h tf»tc*ji»r jiffi*wr sjsfc9-*-€-ti 
•etxjSiKBg tc^fiT zct -r esijRis 1 IB®© 

[flUfc®6] SfltaSatcHW©*^* h;HfiS®36 

M^©B?lff*Sm£J:t$jhrsc4tc<fc^ tmtxDSMfiX 

#©?gg£5Efi-r* c 4£#s*4f sis^ji i - 5 ©iv 

&rs-r 5 Rt tc^ja-r s «****«©»-ch m km*? a 
3»«*««-r 5 c 4 tc «t 0 ftttz'ft *> ^mm^ismc 

tc«fc 0 « tW*©s&#©SMMMP * WJEr SCi 

4-r 43fc#®#«;£r& 
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>y;ULT. JSfflR*M&*»WTSe4tej:i). 

gtc*$ vi z> im*<oi&m>TtaSL&is z mm? * c 4 

[IIM&919] miIB:«©gfmtJBt>S$j*&££<iy 
- Hf#*flH»r.rOi/*SBHU Buteaimy- hflratc 
*t 0 T5l> CcS^c 2.aSJ[©^3l5i*^-r •5«Sf!©§<t 

10 n& *gtg©-tz y^ > h 4: (c*$ w jwctois 
[ti*^io] aifij£#tcHw©*^ h^i&g©* 

4. ^©^i' FJbj^g©^<i:^StcaiJ^Cffll,\ 
M^©»#T&Jil£ltf$TSC4tc,fc9 < f#f4tf»©@WfiK 

^■©iis^^a'jjt-r -5 c <t *#S![ i -r .5 ig*^ 7 ~ 9 
[sB*a 1 1 3 n$gt 1 ~ 1 0 ©i»-rn*>«:iB«8©^ 

[M^S 1 2 ] Wie»&>6©#£!9< 3fe^7 y 

^-^is^s 1 1 fB«8©^^»t»f^a. 

1 3 ] i~io ©i/>-r<a*»«:lB*S©^ 

*»^*ft**jffl-r*jii«iiS»iBjeaai"c*-9"c. it 

[iM&n 1 4 ] mB«A«eflr-9© 5 txmosmM 

-r^*f-r^c4{c«to. jto.«4'©^c» : &aiRfi«j«:3£ar 
•sc4?:«F®4-r2. m^m 1 3 S2«s©*«sijfli«(i^a'j 

i9tm>maixitiMi 

[0001] 

40 mmm.vt,c enzmm lxmr'P ©«»*»jnr s c 4 

[0002] 

[«£*©sw] fit*. #*w»«*aK*m»Tjn*ni© 

^^W^rtf^tCl^L/rtt. Wit I*. Science. 181,pp. 
6S7-658,(1973)«:gam$n-ri>-5<t^K:. ^#-c*s 
,S^©jfil«$rtSjfllb t tt^(CH?cmiUT^«P)ffl"J5E-r-S© 

[0003] 

so % ffi*>&® com® tt£Z&fri)vtj:<, jSmU^iWLlR 
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5 rhc. mmffi-$>&Mtzm^<D&m<DMfk&tfH$ set 
tit. tzMZtfiXftViTzmisa. — «tc. 

SUfiL. ttMBtt&OBffi. jU*0M. ##fgg^©f#f4 
;R£j£fci**K\ ilimr£K:J:9fllX£;fcttcftmK:J: 

•j )tttu s n*>-n »jss»«c £-«. »jfli^ *>m 

«K»<MME*«JlliR«*>"C©««*iEL < 
U JfiLtl*3©Jfiu££HK9l±i;*-r. *tg^-tt*IS*ffiti 

?t*.&i» £ t> 5 ran*** -7 /c. *^Hj{j_hf a^tefcsi* 

as«:*jws±j«©*p#raffi*»rsi,. 
rtKfew*jiii«4>©^«aiiii*r«ctt»««r*iH. 20 

»»«36«*a«r * c & cc* 4 . 

[0 004] 

tt* jrcfKmfecjftc c ft£*OTf siNfiSijflijfes^w 

[0005] 

nu c©^iHjg«»/iS»©w«m#%^Hi-r4Ci{c 40 

£9. »±l/-Cl»SJSR^©»W?:tf5. — £<*rttc 
fettftJltiKifHDJftMX. JttitoSl>li|Rttt<:£!). — M 

r*tt«^<^ifttc»«L-cB«'r*ciK:j:i). JitS 

ttfl»CP^9S/7 h C£*fi*Jt&& ft*, ft 

or. fS^ftS^gft-Jf©^. C ©]£)«&«£ LfcJiE 

#£#gfb-ctetH. jcs-r^ciKij:!). mi?ffifei^©iffl 
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[0006] 

[JlftM] «T. *ft9§4>JfeIlffl*HBtcs*3i»Tlg||| 

mbttKrgmftvm&vm 1 ©^tH©*****-** 
s-c&s. *xtt0i©ttiiK€i*9j-r&. siccfc 

4 MASS. 5«^-A^f«g. 6tt3fcWe-fe.il>. 7tt 
8 ttjfii«. 9 ttjfiLjfc. 1 0 ttfWlUI, 1 1 a 

mm. i zttmmmnimm. 1 3 immymms, 

14tt*8*Hg. 15«MS!»^l, 16tt**SU8P 
««*mlyrt»S. ft**. ©SteW3§10tt. ^©8© 
a'J5£^tttc*i^«jfiiS6*|qiK:*f orSili ft J: 5 
{CKSSftft**. ^|*SW©«ifP©«IBBS4rSiW 

£. 1 ^ttaasOKIE 2 t ©tt^tfie J: 9 , ffiiJ5£*f 
»-C*Sd>OU=-xai»JfcT&«g©:££WT > 

[00073 c<D^tmmmm3it. m.micam&s4K. 
j: o sua § *v c<Dmm4<otot>&'vvz%®gM* 

ftSTS. *W6«t?tt. £©ft$W4&%R$KCA& 
<*tt-5>C<hK:J;D. — je©WJH-C»i»W-S.»<jl,;i3fofcji 

***©-»%#* «-fe * 6 iC« < . C ©^»©-gi3 
^7*ffiiSL.-C. jfil«8F*9%«StlSjfil'jR9t|3©aj 

»-fe^6rt©^lPljlUSl 0CcJ:0^ie#{c^asL/. 
WBSl l «c J: -i89t«»Ltea. JaiS^telH 
gl2©A^7i-r^>. CflDIH. JAL*8««tl«Jllffi9 
». ^SteffiSl 0CC^LriIS«:W-r-S/c«). Jfil* 
©fiJc^*>&l%-ee>tl*3i&g-e<t#«. JfiliiiE>IC©tfcfcBg 

[000 8] —73. jfiLjgiftffr *)T&<, 5tKrt©^^ 

ffi^^tc^s n ^ ^ji/ 3 - ^ *> h &pi«©> * - x a cc 

^-7 5?-5*>6)©fc^ 

^. WIS 1 4 K J: »3 • jgJgSJg L. L 
■CSamHtetBSl 2KA#TS. SIM!5Steajlll 2 
». C©S«31£©^iS«!tCcW-r-5»3ti-S®#©illjSS)(<@ 
**t«H-HtfjU CM. E(cAifi«E^«TilB 1 5 r 

ttnhlnh. >fjltiNMmi 6(C«fcO, C©X-^^h;b 
©5^jfliSSiiiK:j£:CfcjgjK»iB^*^-rSfi£»*teai • 
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[0 0 09] «T. *3at«©*flteJW3RKoi»r . m 

mtctsmn. tbx 

t*, #F»§BS60-236531^ ^RtCg^SftT !,>£©<!: IS)® 
(C. iOl< 3 - * ©ffl^MS ilSK: *5 tf 2> 2280nm©eRiK£;B 

i>tm»«f*iT-3&. c©j;5fc&s©:fc*ji&anr 

;U£. 1575nm,1765nm,2100nmfc b < «2290nmttjfi©?RJK 
©)£#©Ki|X&fi£ffl^ft«J:t>. W*.\Z. te©Rfc#© 

y-b^-Y Fjw*^a*»***»3. -en-^n. 7oonm,i 

720nm,6760niii,6990nm,6060nn^?{C (RJtRfc:*— 51fi%>%>. ■ 
■ W>(V/f) 

^snisgti,, *tt%«t>*iW§SH*e>©f§^{cj:D 

[0012] C©8K£«©Jli&ifc f 

f = 200k Hz. 7**-^ 4 kbitSQtotLtc. aa^jgo^i 

fifciit©&$=r£K:g-f SISRBJ: 9 ?S#St>c tifi-itf&kft 
X&Z. Vftb. #«©x*^-*+#:*S<«07c 

S/c. *0i£tJS«MI^O-V2mK:]:bF!|-rS/c 

ozkft&frTm*). mvmfcm. %w?*.- j ?-<tkxi> 
mmic&mTnmx&z. ^^i^omtmK. 

4©1^CCJ:»5 > &M<»U->r^XXWm%L*%j®hX 

*6tt *g K) il L $ t L- T t> £ „ 
[0013] i*g«IWrtt. tf- £ L"C. S 
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* [0010] *SHSWTtt. %SjU99&B2&l/T:. ± 

&£jMS"mig2<t©aa^&a;m6fc(,>. B£j 
t>. c©<fc5&u— tfiurw:. &«©¥&<* U -If # 

J: * t iti$ L> X+ft* # tttitfftfe© 
10 &6*><£JBnJtre&'3> t/?n>-$©Wfel<B 
igfe«©iIHRK: <fc 0 . ^©^S©^«?:ff 

•fe > h *> 64>& < <t *> 2 Hft^&Wtfl^ Ltt » 

[ooii] Sfo-r. *m©ifgw«:KI0. j&asigvi 

••••(1) 

ms^fc^wnti. flk©^*4. ffe©sja^©t©*fflt» 
20 xhj:i\ ^mmmxte. ^mw^^eo^tomxmo 

tf&tLX. 53S*JBC>fc#. ^©«S©7fe?rJ:< 9 
TWf^ntt. ffe©«f4=&fflt»-C*>J;t». S/c. TIB 
©0 2 ©^JS0!l©«fc 5 CC. C©1st$4?rffl^r^7 r -f 
-'■?*^fiSL/. ^^^©^©^ASP/ifWfC^ffl-r-Sl* 
*>0r/ k j:< > f-A^-fim5<b^^^;U6<b©ra©^ 

^■fe;u©ieg(cm®:tt*^7"cif s c 1 1 simx&z. 

C<Dm&. CO^T-Z^itStttSlOi^ 
©fiig. #^©ftffi-rH«pJt6Jtc^«rffifflT'5»©*^ 

30 cc^^ffl-rscbtcfcij. M#©sraw 

[0014] *9mWXl*. Sfe»7©i'MSI5fi£ L-r. 

±iis*maj. sSsL^8^Lxmm^m^tc. smtvx 
it. »a®*i6©s§fii*j^<; rts©*t»fc©*jMt«-r 

4>+»*wn«. SiJ©SB{4©H»M**lHiS!iM*fflt,»r 
fc<tt». 4^dt0TC«. WS^tBSl 0.LUT. PbZr 
40 O s -PbTiO,^ ff^-fe^ 5 ?X£$tmV\s$y£%®. 

^^tcmssmm^. EE&ttntLxm^tc je 

CtlC£t). %WJ>V-it>XifiA#<D*tiO..M Ra 

v is)K:a< ; *7casM8*fi^^t©wi,»^*iff en 
B^ffsW**terffluscifcDjtg-c*4„ c© 

1«fiS07c. ^^tHSiU-rii. git. lU^FUsh 
50 a>-? : >^?: > S!§^it,T»>5v^i-o*> 
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[ooi5] -««:. fiLmtttttzufflfimffli 

f d=(v f cos© )/(c - vcosl 

0tti&3O' -C*»3. fPMT©jfoffi&#^0.2m/sT*-3/c 

fcat>. f d *23Hz© h*s£.D£„ 

•C«> Jg&&gi£fflgl 2iU. «£@Bgl 7, ffiHK 

iiiia^^^fi &. -mmmMv i 9*^RSst© io 

C 0 0 1 6 ] K> . am#4*ii]8*>6<!>AAttfta> = 
27r f ©ja^jSECBsin(a) t ))£ F^ftJSttftlA&a) d 
= 2?c f d%$if ^#gPft-^CAcosC&)+wd)t)i%. 

./ ->U£ 1 8 &c<fc 0 7K«E*JffifiA^«M(£-r SCiKJ: 
0, M<l#©M^iS[t?*^AB/2sin(a)d t). o$ 

©iiSiuttt, ±3*©«t«B«**n-€'*i2-3r 20 

B/2sin(o>dt)*Jj:O t AB/2cos(e t )d t )© 2«©F 

1 9 ttmi&PfWtolCX&BMttfD ¥79m+B± 

"TttiStWA&$:0 . 1 Hz. 3&©7 -f JU*ejgl>fc. 
[0017] *^OTTttSi*flreSftSfcK>(e.r%~7 30 

5^-5 tmmymmmi 3©jt&^e&flH>fc#. 
k. «n«nwKKtittiiiB i 2^A^u-cfc«fcc». 

«»»Cttl«l»»Wliil 5iLt, A/D3>M 

bJiamhtiz. <p&ffl®m&i ewe ±§e&fljjd<; 

7jkLtc<Difi> 067*5. 2 3Hztfi5K: ^^{g-if-© 
e-**JjSMi3#, t©AiS&«. WJfi©*n<. MR 
©jflijSEiSvtC^t&rS F^"5^7 hT*9. C©£-* 

^^^^©^^-^©rss^ic-rs. — #. o 
timm* i'tc^ ^ n u ^ji/ =j - x tc j: sit# 

[0018] o*>u if-J'tt, H«tt*Ltca#«: 
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;*$fd«. 3fe®«:^iars»^ijg©jg«st f. tumm 

)*?(v f cosfl)/c ••••(2) 

T%klB. ^fi-TSCiAS-CtS. Ciltt, r«c*>i&. Jfil. 

4>©^*:a ~X©jEtt&&ffi#ff*.& C i *3B*f *. 

«r. Sa»««tLfc(i5^<b0ttt»JSS»©fiI«:fflffi|-rS 
CiKtti*. C©*fr£tt, jfejKttJCD^a-xijHia 

H&%&. ftfc. *XJkMTI2. IIJiRjfofcfflaflOfcfc© 
JfaiiSitttM©!^* r. K«— J&C* /c 
**. !URjh*aa)rS«£tX> tfcttlUfcJfoifcj£©BtlH^ 

#tt«c <fc •? mm u . * n t mm s i*/tfi#jji«f *ff 5 c 

[0019] **»Wfc*©»*& LTI*. ^^Plffl 
ctccj:*). M#©«^*J«fc 
#tti»c<t-c*4. i^fc. *^Bj©^2©HiiWc-t>i,» 

•C*4. ^2©HJS^I<!:»l©*JiCaji©«fiSJi©±ft 

•J > ^tiWX A£BK 2 0 £fr fcicffiffl o . mfflstm* 
HilHll«<bOTF«iSIJ*fiS©Stt4fc©Cl 2* )^ar-SC 
<b-C*S. *fc. IHWOttJtjSil/rtt. ^;SK^a3 

«-?s9 -©^«tc#5^i*«ia« 1 3 <t*t*§s 1 

4©4£BgT?*£„ B4». »2©SUS09-CflB«,»€»^iS! 

n^aiiHiss 1 2 • ©«jatsvr«AH"c*»). s^bis 

17' . fiiifflia^ ^ to* 1 8 ' . -y-^^^-^FH 
82i, ^«jlia7^JU$2 3i*>6«i0E3n4. ^ 
»2©jUS^!I©«I^«ra3. E4*ffllir|ttBJ-r 

[0020] *sos«rtt, mxtmcitm 1 ©niswii 

l^l«©«fi£g|5n D D?rfflC^c^. ICWMM *) iS L 

^•JUX(tS9^)*^3-B-T. il«^#^ailHl3S 1 2 ' 
K«MT«^'Cft<v *©JH2©ffi*4Lr. tf*$8 

sp^g 16*6 ©i^fty- h ft#tc«-^# . c 01m®. 

XMlMVB. ISitiS© JB»»f *lMHz. f^— ?w 
Jt*3(«. ^>U^ I- U-Y>©H^pg^^-r^ J 'N-;UX 

fc. &>U\,7s V \,4 >%tcr><0>WX&&50t Utctc 
», >'^X}#i^B#^tt50ns-r , *>-5. C©«t9<CF-W« 
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-X h«©*ffiS4©»2©ffla*JBlvc#»K«B3 

[0 02 1 ] ^mtfofflVlt*. coftmz, 3t¥7 r 4* 
2 l r*«»-b^8 icmmm< c <tfc J; 0 , gESffig© 

VttHWl 0, WM81 1. «£@ttl 7' . ffitta£ 

lHlffi2 0^A^-r^<!:. pJ^SaE&^-f ^©ffiStei 

C©§{fy-Mi-^*ffil>T, -y*>^>U*-;l/Kll 
»2 2tt, iBWiBft^^^if 1 8' *6<DF^J/7F 

m^r^>y^ t #-jufts. c©c<t©«iiflMrs 

[0 022] #JUfe0J-Cte:, t ©fWMWBIji:? a fr* 

2 3 wfc&mmoxmt ox. mi (ommmtmm 

ttd«f*ff5ctwrfir*. #*JSWB*©*»Jii©Sir l 
tt. *^:7W^2 l *ffltir7fe«^*#S*fe;U6«:ii: 

< c t cc <t o . ssai5B©§ ss^s? g o , 

^2«, #W*'<iuxgaSu ^S^lffl©? 5 -* U-fteJ; 

*3(^swwr»3:, ±^<om2 (ommmt mmmom 
s©^ffl%si»j u /c e c com 3 ©niswsw©^* 

[0 02 3] MCC k W4©SB»«rtt 1 ±3£©lfr3©il 
KHB2 2*jJ:0 f *he»Oia»*tBR 

m i (#&i53om/ s ) t ©« t * 



(6) 4MWB-3 1 7 56 B 

10 

6©fi#fc # -*#«iM3jhri>£#. **ven % g»j©» 
. [0024] 4^ttBW©ttttH: % Ktt*<Wl»g«:» 

©a*ffl©s«y- bm^&m-o&xts+frb&gi 

5 (D XtbMU. ±iB* 4 ©WWflKDC: <b < « 

m<Dffif&zmi<K ^omttm*. wfa^^^^vtc^ 

r*>^ 0 »6. m7feJ:^8©|ltfe^n^tilIW© 
S»m©^ l tt, B»4*©SE»©aff^*ii-air *sc 
<b^fe5 e #^iSW^ti-etiH^cMam©02tt. -mh 

[0026] 1 te<k^«SS)gfl8a2 © 

****6tt % mr*2©^ifiW<b|gS4c, BWfiS^r* 

^^3- * ©KJKi&gT * ^ 2280nm©*» ? 
If, Xir «<fcCX«5S8CKB2 a Ofl««»6tt. 
^r*4*©RlR*fir*4980nm©J^* 

so ^ c »Rs^6a. *iSK«a 3*5^^3' iata© 
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t mm* . m 2 ©sus^i <t ««iH]tt©*«-cfT -> . 
a < «b© MiWKauB-j- * c 4 tc j: 0 , a K»£#©sft: 

WT«c < . «ffi*l§l«{Cffl!J3£-r-5 C ti)i~e% *„ 
[0027] 4*5, ±IBSI*fiCHlB*«W©— m*7HL1t 

[0 02 8] 

fttf . jftHMMffic <fc t) *feW9K4aW ZMS&<Dim>k 



«W»6JS»»fll*CH^^ F)0fc*»9fifc»*fc 20 3 
Bfe&©iB«*l»*Or. JllL**©J^©iEHKc#*T*fT 8 
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